Results also showed the destabilizing effect of the relaxation fluid elasticity and the stabilizing effect 23 of the viscosity ratio for the onset of both primary and secondary instabilities. 
There are several ways to obtain macroscopic laws for polymeric flows in a porous medium: by 102 direct numerical simulations of viscoelastic flows in a specific pore geometry model (a good review 103 of these studies can be found in [15] ) or analytical ways. In general, the former is the most commonly 
where U * is the fluid velocity field, p * is the pressure,τ is the stress tensor and g is the gravity field. (1 + λ * 1
where λ * 1 represents the relaxation time. Then, by combining 2 -4 we obtain the constitutive 119 equation:
where the dynamic viscosity µ and the retardation time λ * 2 are related to µ s and µ p by:
An Oldroyd-B fluid may thus be characterized by three parameters: the dynamic viscosity µ, the 
122
In order to derive a macroscopic filtration law based on the Oldroyd constitutive equation, we have to introduce the filtration velocity V * defined by the Dupuit's equation :
where φ is the porosity. Substituting Equation 5 into 1 and using the REV method by averaging the resulting equation and taking into account Equation 6 leads to:
where K is the permeability.
123
Under the assumption of low Reynolds number based on the pore dimension, the generalized
124
Darcy's law 7 is also derived by [17] using a homogenization theory.
125
The fluid density ρ obeys the state law :
where ρ 0 is the fluid density at temperature T * 0 which is chosen here as the temperature at the 127 geometric center of the cavity, and β T is the thermal expansion coefficient. Energy and continuity
128
equations can then be written as :
here, (ρc), µ, ν, k T , α = k T /(ρc) f are respectively the heat capacity per unit volume, the 132 dynamic and kinematic viscosity of the fluid the effective thermal conductivity and the effective 133 thermal diffusivity. Subscript (sf) refers to an effective quantity, while (f) refers to the fluid alone.
134
We set of dimensionless equations is obtained:
The dimensionless boundary conditions are:
The Darcy-Prandtl number P r D is defined as P r D = (φP r)/Da, with Da = K/H 2 and P r = ν/k T . Since in the common porous media the Darcy number is very small, the Darcy-Prandtl number P r D takes quite large values. Therefore, the first term in Equation 13 is omitted in what follows. The remaining dimensionless parameters are : the filtration Rayleigh number
the horizontal and lateral aspect ratios
the relaxation time
and the ratio Γ that varies in the interval [0, 1]
This model reduces to the Maxwell model in the limit Γ → 0 and to the Newtonian model in the 138 limit Γ → 1.
139
In the following we will examine the stability of the conductive state (the primary instability) as 140 well as the stability of the monocellular flow (the secondary instability). 
144
The aim of this section is to perform a temporal stability analysis of the conductive state with 145 respect to both stationary and oscillatory disturbances. 
We first assume very large aspect ratios A(A → ∞) and a(a → ∞). The three-dimensional disturbance quantities are expressed as
where k and l are the wave numbers in the x and y directions respectively, and the temporal 151 growth rate of unstable perturbations is given by the imaginary part of the complex frequency ω = 152 ω r +iω i . Therefore, the neutral temporal stability curve is obtained for ω i = 0 which selects dominant 153 modes at the onset of convection.
154
Substituting Equations (20)- (21) into (12)- (15), linearizing the equations and applying the curl twice to the momentum balance equation, one can obtain
where
The corresponding boundary conditions take the form
The system (33) -(34) is solved by means of the Galerkin method using the following expansions The number M of modes is chosen so that the quantitative convergence is secured. 
effect of lateral confinement on pattern selection

187
This section is devoted to investigate the effect of the lateral confinement of the porous cavity by assuming a very large aspect ratio A(A → ∞) and finite lateral aspect ratio a. The three-dimensional disturbance quantities respecting the boundary conditions 15 are expressed as
The governing equations are still the system (33) -(34), except with l now replaced by Lπ/a 188 where the integer L is the number of rolls in the y direction.
189
We begin the study by considering the stability of the conductive state against stationary rolls 
193
For comparison we also represent in the same figure the threshold of the steady long wave instability.
194
The threshold of steady three-dimensional patterns in the form of oblique rolls (i.e. k 0, L 0 and wave instability which corresponds in real experiments to a monocellular flow in the x direction. 
and a vertical as well as a horizontal stratification of the temperature,
with
and
where C is negative or positive according to whether the flow is clockwise or counter-clockwise 236 and both solutions are possible depending on the initial conditions.
237
From Equation (32) The equations governing the linear stability of the monocellular flow are obtained by the same previous approach used for the stability of the conductive basic solution. By assuming very large aspect ratios A(A → ∞) and a(a → ∞) the following system is obtained
where we substitute U 0 and T 0 by their explicit expressions (29) -(31).
On the other hand, if we assume a very large aspect ratio A and a finite value of the lateral aspect 248 ratio a, the governing equations are still the system (33) -(34) wherek 2 is replaced by k 2 + Lπ/a 2 .
250
The resulting linear stability problem is solved by means of the Galerkin method, using the Kimura et al. [14] concluded that the monocellular flow will in fact be destabilized by longitudinal, 269 rather than transverse, disturbances.
270
In the second instance, three-dimensional disturbances, corresponding to k 0 and l 0, were Once again, this critical value agrees very well with R L c2,s ≈ 311.53 obtained in [14] .
275
In the third instance, the effect of the confinement of the porous medium in y direction is explored.
276
We plot in Figure 5 
294
We note in this figure that the minimum of neutral stability curves increases when Γ is 295 augmented to reach the critical value for Newtonian fluids in the limit of Γ = 1. Physically, this result 296 means that concentrated polymeric solutions with a small viscosity ratio Γ favor the appearance of 297 oscillatory multicellular flow convection as a secondary instability. On the other hand, for diluted 298 viscoelastic solutions, more heating is needed to trigger the secondary instability. 
299
We report in Table 1 We conclude that the preponderant effect on the properties of the emerging oscillatory TRs is mainly 315 linked to the variations in the viscosity ratio, while the effect of the elasticity remains very weak. Finally, we present in the second part of this section the secondary instability results in are examined in the remainder of this subsection. In order to evaluate the effect of elasticity alone, than those corresponding to oscillatory TRs.
316
336
An additional remark about this range. In the same way, the preferred pattern as a secondary instability depends on the viscosity 347 ratio Γ . Table 3 shows that by keeping λ 1 = 0.1 and increasing gradually Γ from Γ = 0.75 (diluted 348 solutions) to Γ = 0.3 (concentrated solutions), the most amplified mode of convection evolves from 349 steady LRs to oscillatory LRs and eventually to oscillatory TRs.
350
All the results stated in the subsection 4.3 are obtained by assuming infinite aspects ratios in x and y directions. For the sake of brevity, we exemplify the effect of the lateral aspect ratio a on the 
Conclusion
385
In the present paper, Galerkin method is used to investigate the primary and secondary 386 instabilities of viscoelastic fluids saturating a porous layer heated from below by a constant flux.
387
The modified Darcy's law based on the Oldroyd-B model was used for modeling the momentum Hamed assisted with numerical tools.
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